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ABSTRACT

Radiometric survey of Gabal Ataiter El-Dahmi, southwestern Sinai, revealed that, the shear zone exhib-
it high radioactive anomalies. The altered younger granites samples show high eU and eTh measurements
relative to the fresh samples suggesting an addition of eU and eTh during the secondary processes affecting
rocks. The data of major and some trace elements of the examined altered younger granites revealed the
enrichment in Al,O, Fe,0,, FeO, MgO, Ca0, Na,O and P,0,, while they shows depletion in
Si0,, TiO,, MnO and K,O relative to the fresh samples. Enrichment of A1,O, and depletion
of Si0, could be attributed to sericitization and desilicification respectively during altera-
tion processes. While the process of Na-metasomatism (albitization) leads to enrichment of Na,O
and depletion of K,O. The enrichments of Fe,O, and MgO are due to the alteration of biotite
(chloritization). Trace elements of the examined altered younger granites show enrichment in Rb,
Ba, Zr, Y, Nb, Pb and Cu while they reveals depletion in Sr, Zn, Cr and Ni relative tothe
fresh samples. XRD analysis and ESEM examination of the altered younger granites indicated
that, thorite, uranothorite, monazite, xenotime, allanite, zircon and fluorite are the most
important radioactive minerals. Pyrolusite, titanite, columbite-tantalite, hematite, kaolinite
and calcite are also detected.

INTRODUCTION

Gabal Ataiter El-Dahmi area is located in
the southwestern part of Sinai Peninsula east
of Abu Zeneima town. The area is bounded
by latitudes 28° 52" 00” and 28° 56’ 00" N
and longitudes 33° 21’ 00” and 33° 26’ 00"
E (Fig.1). It can be reached via Wadi Sedri
leading to Wadi Igna at the southern part of
the study area. Most of the radioactive oc-
currences in the basement rocks of Egypt
are in the granite rocks and their associated
pegmatites. They contain accessory minerals
such as zircon, monazite, thorite, uranothorite
and allanite (Abd El-Naby and saleh, 2003).
Sometimes, these rocks undergo varying de-
grees of alteration, especially along fracture

planes where hydrothermal solutions pen-
etrate these fractures. Changes in geochemis-
try, mineralogy and texture of the wall rocks
along shear zones attract extensive attention
of many authors (Pichavant, 1983; Cerny
and Ercit, 1985; Burt, 1989; Schwartz 1990;
Abdalla et al., 1996; El Afandy et al., 2000).
These changes were considered a guide to an
ore and as an indicator of the characters of the
hydrothermal solution. Many studies were
carried out on the radioactive anomalies oc-
curring at the basement rocks around the study
area (Hassan 1997,Sherif 1997, El Mowafy et
al., 2003, and El Aassy et al., 2004). The main
goal of this paper is focused on the mineralogy
and geochemistry of altered younger granites
of the studied area.
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METHODOLOGY

Ten representative samples of examined
rocks were collected (weighting from 3 to
Skg for each sample). In order to determine
their mineralogical constituents; the samples
were crushed and screened. The fractions hav-
ing grain size range between 0.074mm and
0.5mm were used. These size fractions were
subjected to systematic mineral separation
techniques using bromoform (Sp.G. = 2.85)
as a heavy liquid and magnetic fractionation
using Frantz Isodynamic Magnetic Separa-
tor at side slope of 5°, forward slope of 20°
and 0.5 A (Flinter, 1959). The obtained heavy
mineral fractions were studied under the Bin-
ocular microscope as well as X-ray diffrac-
tion (XRD) and Environmental Scanning
Electron Microscope (XL30-ESEM, Philips)
attached with EDAX microanalysis unit de-
velopments in high-pressure (low-vacuum).
All the samples were chemically analyzed for
the major oxides using the wet chemical tech-
niques and the trace elements were measured

Fig. 1: Geologic map of Gabal Ataiter EI-Dahmi area

using X-ray fluorescence (XRF) and atomic
absorption. The radiometric measurements of
eU (ppm), eTh (ppm) and K% of the studied
fresh and altered younger granites were ob-
tained using a portable differential gamma ray
spectrometer model GS-512, serial No. 9805,
manufactured by Czech Republic, and the
reading were given directly each 30 second.
All laboratory works were done in the Central
Laboratories of the Nuclear Materials Author-
ity (NMA), Cairo, Egypt.

FIELD GEOLOGY AND
PETROGRAPHY

The study area at Gabal Ataiter El-Dahmi
is mainly covered by Precambrian monzo
and syanogranites and Paleozoic sedimen-
tary rocks. Granites are mainly coarse to me-
dium—grained, buff and pink to reddish pink
in color, highly jointed in different directions.
They enclose xenoliths of older granites with
sharp contacts and different sizes (Fig. 2). The
study younger granites are traversed by
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shear zone (varies from 15 to 20 m in width
and about 750m extension) trending N 45°
W - S 45° E with nearly vertical dip (Fig.
3).Pegmatite occurs as pockets (Fig. 4) invad-
ing granites in the shear zone, also, iron ox-
ides and quartz veins occur as fractures filling
(Fig. 5). The main types of alteration along
the shear zone are desilicification, hematitiza-
tion and kaolinitization (Fig. 6) representing
the post-magmatic hydrothermal alterations.

The modal composition of plagioclase
(P), K-feldspar (A) and quartz (Q) of the
studied granites is listed in Table (1) and the
obtained data are plotted on the QAP dia-

Fig.2: Rounded xenoliths of older granites in
monzogranite

Fig.3: Fractured youngr granites along shear
zone, looking SE

Pegmatite potket 5

invading younger
granites in the shear zone

Fig.4: Pegmatite pocket

Fig.5: Iron oxides and quartz veins occurred
as fractures filling in the shear zone

Fig.6: kaolinitization along fractures in the
shear zone
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Table 1: Modal composition of the studied granites

_____ Felsic Minerals ro

52 25

8E 2c
" 5 Q A P

€2 Qz kfel. Plag. Mus Bio § =
° 3725 3531 2521 0.77 131 0.5} 3400 41.00 25.00
'é 39.47 2558 29.69 282 056 1.88| 41.00 26.00 33.00

3723 2574 3210 260 142 091 3950 26.50 34.00
4700 26.06 2227 2.00 193 0.74 ¢v.30 Y430 2340
4952 1769 2755 1.69 298 0.57; 5030 18.21 31.49
4411 4162 1276 056 065 0.30; 4500 4200 13.00
36.11 4245 1551 1.92 321 0.80 4200 43.00 15.00
31.99 4632 1821 099 193 056| 33.00 46.00 21.00

51.31  39.39 831 041 019 023 53.00 39.00 8.00

Qz:quartz; K-fel.: potash feldspar;Plag.: plagioclase;Mus.:muscovite; Bio.:biotite;Hb:
hornblwnde;Q:quartz content;A:potash feldspar content; P: plagioclase content

gram of Streckeisen (1976) (Fig. 7). Accord-
ing to QAP diagram the studied Gabal Ataiter
El-Dahmi granites fall within syenogranite
and monzogranite fields. Microscopically,
the syenogranite is composed of quartz, K-
feldspar, plagioclase, biotite and muscovite.
Fluorite, zircon, allanite, apatite and opaques
are common accessories. The monzogranite
is composed mainly of quartz, plagioclase,
k-feldspar biotite and hornblende. Sphene,
zircon, apatite and opaques are common ac-
cessories, whereas chlorite, epidote, kaolinite,
sericite are secondary minerals. On the other
hand the altered granites at the shear zone are
highly sericitized, hematitized, and kaolinized
(Fig. 8) resulting from the effect of the hy-
drothermal solutions. Allanite forms euhedral
prismatic crystals associated with biotite and
feldspars (Fig. 9). Metamict zircon in which
coated by iron oxides is shown along fractured
plagioclase and quartz (Figs. 10 a&b respec-
tively).

granites
o Syenogranite.
+ Monzogranite.

G
N
A P

Fig.7: QAP diagram of the studied granites, after
Streckeisen (1 976) 1 = Alkali feldspar granite,2 = Syenogranite,3 =

Monzogranite, 4 = Granodioriae, 5 = Tonalite, 6 = Quartz diorite, 7 = Quartz
monzodiorite, 8 = Quartz monzonite, 9 = Quartz syenite and 10 = Quartz alkali-
feldspar syenite.
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Fig.8: Altered granits in shear zone
show Highly sericitized, hematitized, and
kaolinized,XPL

o ‘.
Fig.9: Altered granites in shear zone show
Allanite (All) forms euhedral prismatic crystals
associated with biotite and feldspars, XPL

Fig.10: Altered granites in shear zone show
metamict zircon (Zr) coated by iron oxides
along fractured plagioclase (a) and quartz (b)
respectively,XPL
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RADIOACTIVITY

Fresh younger granites have wide varia-
tion in both eU and eTh contents (Table 2).
The eU contents vary between 3.8 and 13.6
ppm with an average 7.4 ppm while eTh con-
tents range between 35.8 and 56.2 ppm with
an average 41.07 ppm. The average eTh/eU
ratio is 5.8. Normally, thorium is three times
as abundant as uranium in rocks (Rogers and
adams, 1969). Stuckless, (1979) recorded that,
if the thorium anomalies are accompanied by
Th/U ratios greater than 5 uranium loss from
the basement rock seems probably.

Altered granites (shear zone) show high
value of eU and eTh contents (Table 2), in
which eU range between 30.6 and 54.1 ppm
with an average 42.49 ppm, while eTh range
between 188.4 and 287.3 ppm with an average
243.48 ppm.

Generally, the altered samples from the
shear zone show high eU and eTh contents
relative to the fresh samples may be due to
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the presence of U-Th minerals in the studied
samples as well as will be seen later.

The probable origin of the radioactive
anomalies recorded in the shear zone could
be attributed to the epigenetic concept, in
which, the secondary ascending hydrothermal
solutions carry out the radioactive minerals
to deposit mainly along fractures, faults and
shear zones. The presence of fluorite reveals
the hydrothermal origin of the mineralization
(Sarcia, 1958). The field evidence supports
this concept where, the radioactive intensity
increases with depth along fractures, faults
and shear zones.

In addition to leaching concept; in which,
the uranium has been leached from other sur-
rounding rocks, transported by means of cir-
culating water and finally deposited in the
shear zone, Attawiya (1983) mentioned that
uranium could be released from the granite it-
self by dissolution of accessory uranium bear-
ing minerals and then re—deposited in shear
zones by percolating solution.

Table 2: Radiometric measurements of the studied granites

Altered younger granites (Shear zone) Fresh younger granites
eU eTh K eU eTh K
o) pm) % MMV pm)  pm)  a TV
54.1 218.3 8.5 4.04 7.1 51.1 7.0 7.20
354 287.3 9.1 8.12 6.7 38.1 6.8 5.69
30.6 231.8 8.9 7.58 53 43.5 5.7 8.21
43.2 248.7 6.7 5.76 5.6 38.0 6.8 6.79
42.8 193.1 6.1 4.51 13.6 38.0 6.1 2.79
33.4 238.3 9.8 7.13 6.1 37.3 6.6 6.11
45.0 247.6 7.9 5.50 3.8 37.9 6.3 9.97
34.9 188.4 8.5 5.40 5.9 40.0 5.9 6.78
54.1 266.7 7.8 4.93 7.9 38.8 6.2 4.91
______________ 514 2696 _ 73 525 9.9 56.2 7.1 5.68
Max. 54.1 287.3 9.8 8.12 6.4 48.1 6.7 7.52
Min. 306 1884 61 4.51_ 6.9 39.6 6.9 5.74
Average 42.49 243.48 8.06 5.52 7.5 39.6 7.2 5.74
7.0 40.2 6.7 5.74
6.7 38.5 5.8 5.75
5.1 35.8 6.4 7.02
10.2 38.3 7.4 3.75
9.9 38.6 5.8 3.90
10.3 43.6 5.8 4.24
__________ 60 __ 401 _ 89 __ 638 _
Max 13.6 56.2 8.9 9.97
Min. ___+_ __38___ 358 __57____279
Average 7.40 41.07 6.61 5.80
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GEOCHEMISTRY

The geochemical characteristics of the
studied altered granite at the shear zone were
obtained through the analyses of ten repre-
sentative samples for their major oxides and
some trace elements. The data of major and
some trace elements as well as CIPW norms
of the examined altered granites are given in
Table (3).

A comparison between the aver-
age of the obtained data and the aver-
age chemical composition obtained by El
Mowafy et al., 2003 for the fresh granites
in the study area (Table 4) was done to
evaluate the geochemical behavior of certain
elements in the studied altered granites. It is
revealed that, the altered samples show en-
richment in AlLO,, Fe,O,, FeO, MgO, CaO,

OSAMA R. SALLAM

Na,O, P,O, and L.O.I, while it shows deple-
tion in SiO,, TiO,, MnO and K,O. Depletion
of SiO, could be attributed to desilicification
process. The alteration of feldspars (sericitiza-
tion) leads to the enrichment of A1,O,. While
the process of Na-metasomatism (albitization)
leads to enrichment of Na,O and depletion of
K,O. Enrichment of Fe,O, and MgO are due
to the alteration of biotite (chloritization) and
hematitization processes.

The high values of the loss of ignition
(L.O.]) in the altered samples are due to satu-
ration with intergranulare water. On the other
hand, the trace elements indicate that, the al-
tered younger granite samples show enrich-
ment in most elements except Sr, Zn, Cr and
Ni.

Ab-Qz-Or ternary diagram of Stemprok
(1979) and Na,0-K,O variation diagram of

Table 3:Chemical analyses and some CIPW norms of the studied altered granites of the studied

arca
Major 1 2 3 4 5 6 7 8 9 10
oxides
SiO, 66.11 63.7 65.8 64.7 65.25 63.5 66.3 63.62 63.34 65.41
TiO, 0.06 0.2 0.4 0.4 0.3 0.2 0.27 0.36 0.6 0.4
ALO; 15.13 14.95 15.01 14.8 15.14 15.71 15.11 15.7 15.5 15.27
Fe,0; 3.2 3.79 3.03 3.04 3.29 4.31 3.09 3.03 3.36 3.15
FeO 1.01 1.6 1.15 1.31 1.33 1.39 1.35 1.39 1.17 1.53
MnO 0.1 0.12 0.18 0.08 0.07 0.07 0.09 0.09 0.11 0.07
MgO 2.0 2.18 2.11 2.71 2.1 2.24 2.13 2.23 2.46 2.79
CaO 24 2.01 2.15 2.25 2.37 2.2 2.18 2.75 2.92 2.66
Na,O 4.1 4.77 441 4.99 3.94 4.32 4.69 4.81 4.85 391
K,O 3.35 4.14 4.1 4.29 4.65 4.22 3.15 4.07 3.94 3.12
P,0s 0.20 0.3 0.1 0.2 0.41 0.1 0.3 0.3 0.1 0.3

Lot ] 165 ____ ] 192 15 151 141 173 134 157 1.62_ 137
Total 99.95 99.98 99.94 99.98 99.98 99.99 100.0 99.92 99.97 99.98
Trace elements ( in ppm )
Rb 327 294 318 311 323 329 309 317 312 323
Sr 19 16 23 20 21 23 21 18 22 18
Ba 765 708 1005 931 1013 884 946 790 982 874
Zr 545 477 648 569 609 665 578 637 622 549
Y 269 235 319 282 303 317 267 289 309 274
Nb 94 82 112 99 106 115 118 77 66 89
Zn 163 159 192 187 182 194 167 184 197 165
Pb 42 47 52 48 54 54 49 51 43 46
\Y% 19 17 25 23 23 25 26 21 19 22
Cr 27 20 20 30 25 29 30 23 27 26
Ni 9 10 8 10 9 8 10 8 9 8
Ga 25 27 33 26 25 28 21 26 25 31
Cu 10 11 15 14 13 11 21 12 22 20
CIPW norms
Q 22.24 13.84 17.48 11.82 17.16 14.69 20.17 12.31 11.68 21.94
Or 20.18 24.97 24.64 25.77 27.90 25.40 18.88 24.51 23.70 18.71
Ab 35.29 41.11 37.86 42.83 33.78 37.16 40.18 41.38 41.68 33.51
An 10.94 7.25 9.15 5.36 9.99 10.52 9.18 9.35 8.99 11.60
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Table 4: Average major and trace element
contents of both fresh and altered granites of the
studied area

Altered granites (Shear zone) Fresh granites (ElMowafy et al., 2003)
Major oxides Trace elements (ppm ) | Major oxides Trace elements{ ppm )
Si0, 6477 Rb 316 | Si0, 4.1 Rb 248
Ti0, 0.32 Sr 20 | TiO, 049 Sr 163
ALO; 1523 Ba 890 i ALO; 1319 Ba 769
Fe,0; 332 Ir 590 | Fe;04 096 Ir 28
FeO 132 Y 286 ; FeO 0.56 Y 38
MnO 0.09 Nb 99 | MnO 0.14 Nb 2
MgO 230 In 179 | MgO 043 In 27
Ca0 239 Pb 49§ Ca0 0.83 Pb 7
Na,0 448 \ 22| Nay0o 340 A 21
K;0 390 Cr 261 K,0 4.64 Cr R’
P,0; 023 Ni 9 { P05 0.09 Ni bA}
LOI 1.56 Ga 271 LOI 075 Ga 25
Cu 15 Cu 11
3
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Fig.11: Ab—Q—Or ternary diagram of Stemprok
(1979),for the altered granites

K1

Fig.12: Na,0 - K,O variation diagram of Cuney
et al. (1989), for the altered granites
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Cuney et al. (1989) (Fig. 11 & 12 respectively)
were used to determine the different types of
hydrothermal alterations of the altered gran-
ite samples. According to the normative Ab-
Qz-Or ternary diagram (Fig. 11) the altered
samples characterized by Na-metasomatism
during which albitization proceeded through
replacement of Na* for K* and Ca?" of the pre-
existing feldspars. The Na O-K O variation
diagram (Fig. 12) show albitization followed
by desilicification of the examined samples.
ALO, - (Na,0 + K O) - (FeO'+ MgO + MnO)
ternary diagram of Meyer and Hemely (1967)
indicated that, the studied samples plotted in
the sericite field (Fig. 13).

Formation of albite, sericite, chlorite and
hydrothermal leaching of quartz are the most
pronounced features of the studied altered
granite (albitization, sericitization, chloriti-
zation and desilicification). Accordingly, the
alteration processes in Gabal Ataiter El-Dahmi
area are mostly due to acidic hydrothermal ac-
tivity changed to alkaline with time.

MINERALOGICAL INVESTIGATIONS

XRD analysis and ESEM examina-
tion of the studied altered granites indicated
that, the most important radioactive
minerals include thorite, uranothorite,
monazite, xenotime, allanite, zircon and

2 T
A " b
i :
5| ] %,
;
~ —

- [ z .
£ S __I'eoplvibe
o T
"- -y - ') v LY

Sy - TR %

[P TLCE STN]

[l TRt P

Fig.13: ALO, - (Na,0 +

K 0)-(FeO'+MgO +

MnO) ternary diagram of I%/Ieyer and Hemely
(1967), for the altered granites
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fluorite. Pyrolusite, titanite, columbite-
tantalite, hematite, kaolinite and calcite are
also detected.

Thorite: Th SiO,

It occurs as brown to black color crystals.
Thorite was identified by using the XRD tech-
nique (Fig. 14). It contains as mush as 10%
uranium (Heinrich, 1958).

Uranothorite: (Th U) SiO,

Uranothorite occurs as yellow to yellow-
ish brown anhedral to subhedral crystals with
rounded corners. It is like thorite but with ura-
nium more than 10%. The ESEM analyses of
some uranothorite crystals reveal high val-
ues for U-content (17.22 wt %) and normal
value of Th and Si-contents (52.93 wt % and
10.95 wt % respectively). Other elements
such as Fe, Y, Al, Ca, Mg, Ce, S, V and Cu
are present in variable amounts (Fig. 15).

Monazite: (Ce, La, Th) PO,

The studied monazite (Fig. 16) grains oc-
cur as colorless rounded to subrounded crys-
tals. The ESEM analysis of monazite crys-
tals show that uranium content equals 4.23
wt %, while the thorium content reaches 3.95
wt %, the P-content is 14.64 wt % and the
Si-content is 14.21 wt %. Aswathanarayana
(1985) and Heinrich (1958) interpret the
presence of high silica as may be due to ad-
mixed thorite. Also, the analysis proved that
monazite occurs as Ce-monazite. Gramaccio-
li and Segalstad (1978) discussed the possible
substitution, which allows tetravalent Th*" and
U* to occupy the trivalent REE position in
monazite.

Xenotime: Y PO,

It was identified by using both the EDAX
and XRD techniques (Fig. 17 & 18). It is
present as anhedral crystals with yellowish
brown to pale yellow color.

Allanite: (Ca, Ce), (Fe**, Fe*") ALO (SiO,)
(5i,0.) (OH)

It is recorded in small amount in the stud-
ied samples exhibiting dark brown color (Fig.

OSAMA R. SALLAM

counts/s

T, : Titanite, ASTM card No. (11-0142).
H.: Hematite, ASTM card No. (13-0534).
Q. Quartz, ASTM card No. (05-0490).
Th. : Thorite, ASTM card No. (11-0419).

100

°2Theta

Fig.14: X-ray diffraction patterns of titanite,
hematite, quartz and thorite

o Plemant Wt %
MgK 1.63
AR 2.48
8iK  10.95
L  3.93
4 SK  0.96
ClK  1.16
UM 17.22
cak  1.72
VK 0.4
| FeX  6.08
Cuk  0.44
ThL  52.93
- Total 100.00
<
A
- 2.90 4.%0 6.90 8.90 10.%0 12.90

Fig.15: BSE images and EDX charts show
Uranothorite

Wt %

2.41
6.48
14.21
14.64
2.53
11.54
7.08
23.11
1.53
1.14
1.10
5.03
3.95
4.23
1.03
100.00

8.60 10.60 12.60 14.60

Fig.16: BSE images and EDX charts show
Monazite

19).The ESEM and EDAX analysis of alla-
nite reveals that high content of Th (13.46 wt
%) and U (11.36 wt %) with appreciable con-
tent of REE. In most cases the allanite mineral
is uranium and thorium carrier, sometime, al-
tered and inverted to an amorphous substance
product by break down of the space lattice by
radioactive emanation (Kerr, 1977).
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Fig.17:BSE images and EDX charts show
xenotime

12.70 1a.70

counts/s

Q. Quartz, ASTM card No. (05-0490).
H. : Hematite, ASTM card No. (13-0534).
X. : Xenotime, ASTM card No. (11-0254).
K. : Kaoliuite, ASTM card No. (14-0146).
C. : Calcite, ASTM eard No. (05-0586).

225

25

©2Theta

Fig.18:X-ray diffraction patterns showing quartz.

hematite,xenotime,kaolinite and calcite
Zircon: Zr SiO,

Zircon (Fig. 20) is the most important
radioactive accessory mineral in the granitic
rocks (Pagel, 1982). It occurs as euhedral
six—sided or eight- sided form with clusters
opaque inclusions. It is mainly colourless to
pale yellow and associated with iron oxides
and fluorite. Thorite and zircon are isomor-
phous minerals that why a large part of tho-
rium is incorporated in the zircon structure
(Rankama and Sahama, 1955).

Fluorite: Ca F,

It occurs as colorless to light-violet in col-
or. Fluorite minerals are possessed vitreous
luster and white streak. It is mainly recorded
filling cavities and micro-fractures, which re-
flect their secondary origin as resulting from
hydrothermal alteration of younger granites.
The studied fluorite shows high content of
REE and uranium (Fig.21). Raslan (2009)

Wt %

6.29
13.19
8.91
6.28
5.50
9.64
1.41
1.59
2.18
14.29
13.46
11.36

YK 5.89
Total 100.00

s A bt

.90

Fig.19: BSE images and EDX charts show
allanite

12 .90

’;z Liement WL T
8i02  32.31
ca0 0.28
HE203 2,95
Tho2 3.23
vo2 4.55
Zro2  56.69
L Total 100.00
|
JI
Ca Zx
\\ "LEL . ne . A
3.60 6.60 9.60 12.60 15.60
Fig.20: BSE

zircon

Fig.21: BSE images and EDX charts show
fluorite

recorded a highly radioactive fluorite in the
jasporoid veins in the sheared granite of El-
Missikat pluton.
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Pyrolusite: Mn O,

It is one of the more common manganese
minerals. This mineral is recorded in minor
amount in the studied samples and has dark
steel-gray color (Fig. 22).

Titanite: Ca Ti (SiO,) O

It was identified by using the EDX-SEM
and XRD techniques (Fig. 14&23). It is re-
corded in the studied samples in appreciable
amount. It shows high content of characteris-
tic REE and occurs as pale yellow to brown-
ish yellow with adamantine luster and wedge
shaped crystals.

Columbite-Tantalite: (Fe, Mn) (Nb, Ta), O,

Occur as short prismatic crystals with
black to dark black color. EDAX-SEM
analysis reveals that, high content of Nb and

AlK 1.74
8iK 2,98
Cak 1.17
MnK  46.76
FeK  16.27
Total 100.00

Fig.22: BSE images and EDX charts show
Pyrolusite

=
=
Al203 3.21
sio2  27.91
.= cao  17.82
Ti02 38.83
La203  0.51
- ce203  8.23
- Sm203  0.00
e MnO  0.80
el Fa203 2.68

Total 100.00

2 _so0 a_so &

Fig. 23: BSE images and
titanite

EDX charts show
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Ta (52.45 wt % & 24.12 wt % respectively),
while, the uranium content reaches 2.23 wt
%, (Fig. 24).
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Fig.24: BSE images and EDX charts show
columbite-tantalite

CONCLUSIONS

Monzo and syeno-granites in Gabal Ata-
iter E1-Dahmi are crosscut by shear zone (var-
ies from 15 to 20 m in width and about 750m
length) trending N 45° W — S 45° E with nearly
vertical dip. The main types of alteration along
the shear zone are hematitization, kaoliniti-
zation and desilicification representing the
post-magmatic hydrothermal alterations. Ra-
diometric survey indicated that, shear zone ex-
hibit radioactivity higher than the studied un-
sheared rocks. The petrographic investigation
of the altered granites in the shear zone shows
the presence of allanite and metamict zircon.
Fresh granites have wide variation in both eU
and eTh contents. The eU contents vary be-
tween 3.8 and 13.6 ppm with an average 7.4
ppm while eTh contents range between 35.8
and 56.2 ppm with an average 41.07 ppm. The
average eTh/eU ratios is 5.8. Altered younger
granites (shear zone) show high value of eU
and eTh contents, in which eU contents range
between 30.6 and 54.1 ppm with an average
42.49 ppm, while eTh contents range between
188.4 and 287.3 ppm with an average 243.48
ppm. Generally, the altered samples show
high eU and eTh contents relative to the fresh
samples suggesting an addition of both U and
Th during the secondary processes affecting
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rocks. The probable origin of the radioactive
anomalies recorded in the shear zone could be
attributed to the epigenetic concept, in which,
the secondary ascending hydrothermal solu-
tions carry out the radioactive elements to de-
posit mainly along fractures, faults and shear
zones. The data of major elements of the ex-
amined altered granites show enrichment in
AIZOS, Fe,0,, FeO, MgO, CaO, Na,O, P,0,
and L.O.I, while it shows depletion in SiO,,
TiO,, MnO and K, O relative to the fresh sam-
ples. Enrichment of AlO, and depletion of
SiO, could be attributed to sericitization and
desilicification respectively during alteration
processes. While, the enrichment of Na O and
depletion of K O are due to the process of Na-
metasomatism (albitization).The altered gran-
ite samples show enrichment in most trace
elements except Sr, Zn, Cr and Ni relative to
the fresh samples. XRD analysis and ESEM
examination of the altered younger granites
indicated that, uranothorite, thorite, mona-
zite, xenotime, allanite, zircon and fluorite are
the most important radioactive minerals. Py-
rolusite, titanite and columbite-tantalite are
also identified.
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